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Description 
Conformable Apparatus in a Drill String 

Cross Reference to Related Applications 

[0001] The present application is a continuation-in-part of co- 
pending U.S. Patent Application Serial No. 10/212,187 
filed on August 5, 2002, which is herein incorporated by 
reference. 
Federal Research Statement 

[0002] This invention was made with government support under 
Contract No. DE-FC26-01NT41229 awarded by the U.S. 
Department of Energy. The government has certain rights 
in the invention. 
Background of Invention 

[0003] This invention relates to an apparatus in a drill string. 

Specifically, this invention is a metal tube having its origi- 
nal diameter sufficiently reduced by the formation of non- 
uniform protrusions on its surface so that it may be in- 
serted into the bore of an internally upset drill pipe. The 
metal tube is disposed within the drill pipe, and then ex- 



panded to conform to the inside surface of the pipe. The 
protrusions allow the tube to be expanded to at least its 
original diameter without rupturing the wall of the tube. 

[0004] The idea of putting a metal tube as a liner into a drill pipe 
for the purpose of improving the corrosion resistance of 
the drill pipe and for providing a passageway for electrical 
conductors and fluid flow is not new. Those who are 
skilled in the art are directed to the following disclosures 
as references for installing a metal tube in a drill pipe. 

[0005] U.S. Patent No. 2,379,800, to Hare, incorporated herein by 
this reference, disclosed the use of a protective shield for 
conductors and coils running along the length of the drill 
pipe. The shield served to protect the conductors from 
abrasion that would be caused by the drilling fluid and 
other materials passing through the bore of the drill pipe. 

[0006] U.S. Patent No. 2,633,414, to Boivinet, incorporated 

herein by this reference, disclosed a liner for an autoclave 
having folds that allowed the liner to be installed into the 
autoclave. Once the liner was installed, it was expanded 
against the inside wall of the autoclave using hydraulic 
pressure. 

[0007] U.S. Patent No. 5,311,661, to Zifferer, incorporated herein 
by this reference, teaches a method for forming corruga- 



tions in the wall of a copper tube. The corrugations are 
formed by drawing or pushing the tube through a system 
of dies to reduce the diameter of the end portions and 
form the corrugations in center portion. Although the dis- 
closure does not anticipate the use of a corrugated liner in 
drill pipe or other downhole component, the method of 
forming the corrugations is readily adaptable for that pur- 
pose. 

[0008] U.S. Patent No. 5,517,843, to Winship, incorporated herein 
by this reference, discloses a method of making an upset 
end on metal pipe. The method of the reference teaches 
that as the end of the metal tube is forged, i.e. upset, the 
wall thickness of the end of the pipe increases and inside 
diameter of the pipe is reduced. The upsetting process, 
therefore, results in an overall changing topography along 
the inside wall of the drill pipe. 

[0009] U.S. Patents Numbers 4,865,127; and 6,354,373 and Pub- 
lication Number 2003/0178197 disclose lining a produc- 
tion well or a well bore. U.S. 5,390,742 to Dines, et al. 
discloses a patch for a longitudinally spaced series of 
tubular nipple structures installed in a well flow conductor 
operatively extending through a subterranean well bore. 
The walls of drill pipe and of production nipples require 



different characteristics. A drill pipe must be sufficiently 
strong to withstand the rotary motion and drilling strains 
experienced by a drill string, while the nipple comprises 
thinned walls such that a perforating gun may more easily 
rupture the wall. 
[0010] U.S. Application Serial Number 10/707,232 filed by the 
applicants of the present invention on Nov. 29, 2003 dis- 
closes a liner insertable into the central bore of a down- 
hole tool which includes a resilient material rolled into a 
substantially cylindrical shape. The outside diameter of 
the liner is variable to allow the liner to be inserted into a 
narrowed bore of the downhole tool near the box end or 
pin end. Once past the narrowed bore, the outside diame- 
ter of the liner self-expands within the central bore of the 
downhole tool. 
Summary of Invention 

[0011] An apparatus in a drill string comprises an internally upset 
drill pipe. The drill pipe comprises a first end, a second 
end, and an elongate tube intermediate the first and sec- 
ond ends. The elongate tube and the ends comprising a 
continuous an inside surface with a plurality of diameters. 
A conformable metal tube is disposed within the drill pipe 
intermediate the ends thereof and terminating adjacent to 



the ends of the drill pipe. The conformable metal tube 
substantially conforms to the continuous inside surface of 
the metal tube. 

[0012] The metal tube may be made of a material selected from 
the group consisting of steel, stainless steel, titanium, 
aluminum, copper, nickel, chrome, molybdenum, com- 
pounds, mixtures, and alloys thereof. The apparatus may 
comprise a metal tube which is more corrosion resistant 
than the drill pipe. The corrosion resistance may extend 
the utility of the drill pipe. Fluids traveling within the bore 
of the drill pipes may create a solution allowing electrons 
to pass between the metal tube and drill pipe. An electri- 
cally insulating material between the metal tube and the 
drill pipe may resist this galvanic corrosion between the 
metal tube and the drill pipe; thereby, preserving the ap- 
paratus. 

[0013] The metal tube may comprise a non-uniform section 

which is expanded to conform to the inside surface of the 
drill pipe. The non-uniform section may comprise protru- 
sions selected from the group consisting of convolutions, 
corrugations, flutes, and dimples. The non-uniform sec- 
tion extends generally longitudinally along the length of 
the metal tube. The metal tube may be adapted to stretch 



as the drill pipes stretch. The metal tube may have a reg- 
ular end portion that is free of the non-uniform section. 
The non-uniform section of the metal tube may extend 
spirally along the surface of the metal tube. The non- 
uniform section may also be intermediate the end por- 
tions of the tube. 

[0014] The non-uniform section of the metal tube may be 

formed by using hydraulic pressure, by roll forming, or by 
stamping. More than one die may be used to form the 
non-uniform section of the metal tube. A rough outside 
surface of the metal tube may help in bonding the metal 
tube to the inside surface of the drill pipe. The metal tube 
may be expanded inside the drill pipe by using hydraulic 
pressure or by drawing a mandrel over the uniform sec- 
tion. The metal tube may be placed in the drill pipe before 
the drill pipe is added to the drill string. Preferably, the 
non-uniform section of the metal tube is expanded and 
compressed against the inside surface of the drill pipe. 

[0015] The inside surface may comprise a transition region com- 
prising a plurality of diameters and forming a convex re- 
gion and a concave region in the inside surface of the drill 
pipe. The concave region may comprises a resilient ring, 
which may lessen the stress felt by the metal tube as it is 



expanded to conform to the inside surface of the drill pipe 
and prevent the metal tube from tearing. 
Brief Description of Drawings 

[0016] Fig. 1 is a perspective view of a drill string suspended by a 
derrick. 

[0017] Fig. 2 is a cross sectional view of the present invention. 

[0018] Fig. 3 is an enlarged cross sectional view of an end of the 

present invention. 
[0019] Fig. 4 is an enlarged cross sectional view of an end of the 

present invention. 
[0020] Fig. 5 is a perspective view of an expanded metal tube. 

[0021] Fig. 6 is a perspective view of the metal tube comprising a 
corrugated non-uniformed section. 

[0022] Fig. 7 is a perspective view of a metal tube having a dim- 
pled non-uniform section. 

[0023] Fig. 8 is a perspective view of a metal tube having an 
ovoid non-uniform section. 

[0024] Fig. 9 is a perspective view of a metal tube having a con- 
cave non-uniform section. 

[0025] Fig. 10 is a perspective view of a metal tube having a cor- 
rugated non-uniform section. 

[0026] Fig. 11 is a perspective view of a metal tube having a spi- 



rally fluted non-uniform section. 
Detailed Description 

[0027] Fig. 1 shows an embodiment of a drill string 32 sus- 
pended by a derrick 30. The drill string 32 comprises a 
multiplicity of drill pipe 34 intermediate a bottom hole as- 
sembly 33 and a swivel 31. The bottom hole assembly 33 
may comprise drill bits, hammers, sensors, and other 
tools that may aid in drilling. The swivel 31 may provide 
stability to the drill string 31. In one aspect of the inven- 
tion the drill string 32 is capable of transmitting electrical 
signals from bottom hole assembly 33 or other points 
along the drill string 32 to the surface. Such a system is 
disclosed in U.S. Patent Number 6,670,880 to Hall, et al, 
which is herein incorporated by reference. 

[0028] Fig. 2 is a cross sectional view of the apparatus 35 com- 
prising an internally upset drill pipe 34 with a con- 
formable metal tube 36 disposed within a central bore 53 
of the drill pipe 34. Transition regions 38 comprising a 
plurality of diameters lay intermediate a first diameter 39 
and a second diameter 37 in both the pin end 54 and the 
box end 55 of the drill pipe 34. The pin end 54 may be 
considered the first end and the box end 55 may be con- 
sidered the second end. The second diameter is generally 



consistent along the elongate tube portion if the drill pipe 
34. For clarity, the metal tube 36 is shown not fully ex- 
panded against the inside surface 40 of the drill pipe 34. 
However, as the metal tube 36 is fully expanded against 
the inside surface 40 of the drill pipe 34, the transition 
regions 38 serve to lock the metal tube 36 in place so that 
the metal tube 36 is not only held in position by being in 
compression against the inside surface 40, but is also 
locked in position by the transition region 38. A metal 
tube 36 thus installed into a drill pipe has many advan- 
tages, among them are the improvement of the hydraulic 
properties of the bore 53 of the pipe 34, as well as corro- 
sion and wear resistance. 
[0029] Fig. 3 is an enlarged view of the pin end 54 of Fig. 2. Once 
again for clarity, the metal tube 36 is depicted not fully 
expanded against the inside surface 40 of the pipe 34. In 
actuality, at this stage of expansion, where the metal tube 
36 is not fully expanded, it is expected that the remains 
of the protrusions would still be visible. The protrusions 
would not be fully ironed out until the metal tube 36 is 
fully pressed against the inside surface 40 of the drill pipe 
34. An outside surface 41 may make contact with the in- 
side surface 40 of the drill pipe 34 when the metal tube 



36 is fully expanded. The outside surface 41 may be 
rough helping to maintain contact with the inside surface 
40. The transition region 38 may form a concave region 

43 with the second diameter 37 of the inside surface 40. 
The transition region 38 may also form a convex region 

44 with the first diameter 39 of the inside surface 40 of 
the drill pipe 34. A resilient ring 42 may fill the concave 
region 43 and reduce the stress felt by the metal tube 36 
when expanding, which may cause a portion of the metal 
tube 36 adjacent to the concave region 43 to tear. The re- 
silient ring may be made of rubber or a resilient polymer. 

[0030] It will be noted that where differing materials are used for 
the drill pipe 34 and the metal tube 36; for example a 
pipe that consists of 4100 series steel and a metal tube 
that consists of stainless steel; the intimate contact of the 
differing materials may induce a corrosive condition. In 
order to prevent galvanic corrosion, the metal tube 36 or 
the drill pipe 34, or both, may be coated with an electri- 
cally insulating material 52 that would form a barrier even 
when the metal tube 36 and the inside surface 40 of the 
pipe 34 come in contact with each other as shown in Fig. 
4. 

[0031] Fig. 5 is a view of the expanded metal tube 36 of the 



present invention. For clarity the tube is depicted outside 
tlie drill pipe 34. A non-uniform section 46 of the metal 
tube 36 has been expanded to accommodate the drill pipe 
34 having a changing diameter in the transition region 38 
and a smaller first diameter at end portions 51. For exam- 
ple, in order to provide a metal tube 36 for an upset, 5 - 
7/8" double shouldered drill pipe obtainable from Grant 
Prideco, Houston, Texas, having a first diameter of ap- 
proximately 4 14" and a second diameter of approximately 
5", a 316 SS tube of approximately 33' in length and hav- 
ing a wall thickness of about 0.080" was obtained. The 
stainless steel tube was drawn through a series of carbide 
forming dies at Packless Metal Hose Company, Waco, 
Texas, in order to draw down the outside diameter of the 
tube to about 4.120". At the same time, the carbide dies 
formed the end portions 51 and the non-uniform section 
corrugations 47 (shown in Figs. 6-11). A metal tube 36 
similar to that shown in Fig. 1 was then inserted into the 
drill pipe, and the assembly was placed inside a suitable 
press constructed by the applicants. The end 51 of the 
metal tube 36 were sealed using hydraulic rams that were 
also capable of flowing pressurized water into the metal 
tube 36. Once the metal tube 36 was completely filled 



with water, the pressure of the water was increased in or- 
der to expand the metal tube 36 to match the second di- 
ameter 37 of the drill pipe 34. At around 150 PSI the pro- 
trusions 47 began to move or expand as was evidenced by 
expansion noises coming from inside the drill pipe 34. 
The pressure was increased to between 3500 and 5000 
PSI whereupon the expansion noises nearly ceased. The 
applicants concluded that at about this time the metal 
tube 36 was fully expanded against the inside surface 40 
of the drill pipe 34. Pressure inside the metal tube 36 was 
then increased to above 10,000 PSI where it is thought 
that the metal tube 36 was placed in compression against 
the inside surface 40 of the drill pipe 34. When the drill 
pipe 34 was removed from the press, visual inspection re- 
vealed that the metal tube 36 had taken on the general 
shape as depicted in Fig. 5, and that the metal tube 36 
had been fully expanded against the inside surface 40 of 
the drill pipe 34. The applicant attempted to vibrate and 
remove the metal tube 36 but found that it was fixed 
tightly inside the drill pipe 34. 
[0032] Fig. 6 is an illustration of a metal tube 36 of the present 
invention. The metal tube 36 comprises regular end por- 
tions 51 and a non-uniform section 46 consisting of in- 



termediate protruded corrugations. In this figure, tlie pro- 
trusions 47 are longitudinally axial along the length of the 
metal tube 36. At the ends of each protrusion 47 are tran- 
sition regions 56 that may generally correspond to the 
transitional regions 38 within the upset drill pipe 34. The 
wall thickness of region 56 may range from between 
about one half the wall thickness to greater than the 
thickness of the tube wall. Suitable metal materials for the 
metal tube 36 may be selected from the group consisting 
of steel, stainless steel, aluminum, copper, titanium, 
nickel, molybdenum, and chrome, or compounds or alloys 
thereof. The metal tube 36 is formed by providing a se- 
lected length of tubing having an outside diameter at least 
as great as the desired finished diameter of the metal 
tube 36, and by drawing the metal tube 36 through one or 
more dies in order to decrease the outside diameter of the 
metal tube 36 and form the end portions 51 and corruga- 
tions. Alternatively, the convolutions are formable by 
metal stamping, hydroforming, or progressive roll form- 
ing. In the process of forming the end portions 51 and 
corrugations, the outside diameter of the metal tube 36 is 
decreased so that it may be inserted into a drill pipe 34, 
where the first diameter 39 of the drill pipe 34 is smaller 



than the outside diameter 57 of the metal tube 36. Once 
the metal tube 36 is inside the drill pipe 34, the metal 
tube 36 is plugged and hydraulically or mechanically ex- 
panded to its desired diameter. The protrusions 47 in the 
tube 36 allow the metal tube 36 to expand to at least its 
original outside diameter 57 and beyond, if so desired, 
without over straining the material of the metal tube 36. 
In this fashion the metal tube 36 may accommodate the 
changing inside surface 40 of the drill pipe 34. Another 
method of expanding the tube 36 is depicted in U.S. Pat. 
2,263,714, incorporated herein by this reference, which 
discloses a method of drawing a mandrel through a metal 
tube 36 in order to expand it against the inside surface 40 
of a drill pipe 34. Although the reference does not antici- 
pate a first and a second diameter 37, 39, the mandrel 
may be adapted, according to the present invention, to 
size the tube 36 to the desired configuration within the 
drill pipe 34. 

[0033] Fig. 7 illustrates a metal tube 36 having end portions 51 
and a non-uniform section 46 of dimpled protrusions 50 
along the length of the metal tube 36. The dimples 50 
may be positive or negative with respect to the surface of 
the tube 36. As depicted the dimples 50 are generally 



round in shape, but they may be ovoid or elongated as 
shown in Fig. 8, and the properties of Fig. 7 are applicable 
to the properties of Fig. 8, and vice versa, where the non- 
uniform section 46 of the tube 36 has ovoid protrusions 
48. Although, the dimple pattern as shown is regular in 
both Figs. 7 and 8 along the longitudinal axis of the metal 
tube 36, alternative patterns are possible and may be 
beneficial. For example, the pattern may be spiral or the 
pattern may consist of a combination of protrusion styles 
alternating within the border region. 
[0034] Fig. 9 is a view of another non-uniform section 46 of the 
present invention provided in a tube 36. The protrusion 
47 consists of a single corrugation along the full length- 
wise axis of the tube 36. Multiple corrugations are possi- 
ble, but a single corrugation may be adequate. This de- 
sign may also be used in connection with the regular end 
portions 51. This modified "D" configuration is appealing 
for its simplicity in design, and yet it is capable of accom- 
modating a drill pipe having a regular inside diameter. 
Tests by the applicants have shown that both thick and 
thin walled tubing, say between .010" and .120" benefit 
from the non-uniform section 46 of the present invention 
during expansion. Without the non-uniform section 46, 



FEA analysis has shown that the tube 36 will likely rupture 
before it is sufficiently expanded against the inside sur- 
face 40. The configuration depicted in Fig. 9 may be use- 
ful in situations where it is desired to place a conduit or 
conductor cable along the inside of the drill pipe 34. The 
protrusion 47 may provide a pathway for the conduit and 
would form itself around the conduit during expansion. 
Then, not only would the metal tube 36 benefit the per- 
formance of the drill pipe 34, but it would also serve to fix 
the conduit or cable in place and protect it from the harsh 
down hole environment. 
[0035] Fig. 10 is a view of a non-uniform section 46 provided in 
a metal tube 36. The non-uniform section 46 consists of 
longitudinal corrugations that may or may not extend the 
full length of the metal tube 36. As depicted, the protru- 
sion 47 are at regular intervals around the circumference 
of the metal tube 36, however, the applicants believe that 
an irregular pattern may be desirable depending on the 
configuration of the inside surface 40 against which the 
conformable tube 36 will be expanded. The desired depth 
of the protrusions as measured perpendicularly from the 
crest of the outer-most surface to the inside diameter as 
represented by the inner most surface of the trough may 



be determined by the total expansion required of tlie 
metal tube 36. For example, if the metal tube 36 were to 
be installed into a drill pipe 34 having a uniform inside di- 
ameter, the protrusions 47 would not have to be as deep 
as the protrusions 47 may need to be if the metal tube 36 
were to be installed into a drill pipe 34 having an inside 
surface 40 with a varying diameter. For example, for a 
drill pipe 34 having a uniform inside diameter, the depth 
of the protrusions may be approximately equivalent to 
one half of the wall thickness of the metal tube 36 and be 
adequate to achieve sufficient expansion inside the drill 
pipe 34, depending on the number of protrusions and 
their proximity to each other. On the other hand, where 
the inside wall of the drill pipe 34 has a varying diameter, 
the protrusions may have to exceed the greatest variation 
between inside diameter irregularities. These are critical 
dimensions that are included within the teachings of the 
metal tube 36 of the present invention. 
[0036] Fig. 11 is a view of the metal tube 36 of Fig. 10 modified 
so that the metal tube 36 exhibits a non-uniform section 
46 along its length consisting of an inner wall 58 and an 
outer wall 59 made up of protrusions 47 that are formed 
into spiral flutes 45. This configuration would be useful in 



drill pipes 34 having uniform inside wall surfaces. The 
flutes 45 may be proportioned so that conduits and con- 
ductors may be disposed within the troughs and run along 
the full length of the drill pipe 34. Such conduits and con- 
ductors would then be protected from the harsh fluids 
and tools that are circulated through the pipe's bore 53. In 
cases where it would be desirable to control the flow of 
fluid through the bore 53 of the drill pipe 34, it may be 
desirable to expand the metal tube 36 in such a manner 
so that the form of the protrusions 47 remain in the inside 
wall 58 of the metal tube 36 after it has been fully ex- 
panded. The modified flow produced by the presence of 
protrusions 47 in the inner wall 58 of the drill pipe 34 
would be beneficial in reducing boundary conditions that 
tend to reduce the efficient flow of fluid through the drill 
pipe 34. 



